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1. In radio frequency and microwave engineering, there are many types of transmission 
line used to carry high frequency signals. One example of a transmission line is the 
microstrip circuit. 
 
(a) (i) Sketch a typical microstrip structure complete with labels. 
  (20 marks) 
 
(ii) What is the transverse propagation mode of a microstrip circuit? Show how 
the electric field and magnetic field radiate in a microstrip circuit in the sketch 
in (a) i). 
             (20 marks) 
 
(iii) Explain the difference between the transverse propagation mode of a 
microstrip circuit with other types of transverse modes, such as transverse – 
electric (TE) or transverse – magnetic (TM) modes. 
  (20 marks) 
 
(b) A microstrip line constructed on FR-4 with microstrip width w = 3.058 mm, relative 
permittivity 𝜀𝑟 = 4.4, microstrip line thickness t = 0.1 mm, substrate height h = 1.7 
mm is terminated by load impedance of 400 Ω. The power at the input terminal is 
200 W at f = 2.45 GHz. By using the Pozar’s approximation: 
  
(i) Find the characteristic impedance 𝑍0 of the w = 3.058 mm line. 
             (10 marks) 
 
(ii) Calculate the characteristic impedance of a quarter wavelength-long line that 
could be used to match the load and increase the power delivered to the 
load. State the type of circuit. 
             (20 marks) 
 
 (iii) Find the width of this quarter wave section. 
               (10 marks) 
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2. (a) Microstrip coupled line coupler is one of the common couplers used as a 
quadrature coupler. Coupled lines occur when two transmission lines are close 
enough in proximity so that energy from one line passes to the other.  
 
 
 
Figure 1: A single-section coupled line coupler (a) Geometry and port designations 
(b) The schematic circuit 
 
A coupler can be designed with arbitrary coupling such that the input (Port 1) is 
matched, while Port 4 is isolated, Port 2 is the through port, and Port 3 is the 
coupled port. Derive the appropriate equations to show that the input impedance 
of a coupled microstrip line can be reduced to 𝑍𝑖𝑛 =  𝑍0. Insert assumptions where 
appropriate. Start with: 
 
𝑍𝑖𝑛 =  
𝑉1
𝐼1
=  
𝑉1
𝑒 +  𝑉1
𝑜 
𝐼1
𝑒 +  𝐼1
𝑜  
(45 marks) 
 
(b) The realization of a microwave circuit can vary according to different requirements 
and necessities of a certain application. Discuss the difference between Monolithic 
Microwave Integrated Circuit (MMIC) and Radio Frequency Integrated Circuit 
(RFIC) and their respective advantages. 
                        (20 marks) 
 
(c) By using Smith Chart, design a shorted stub matching network for a 50 Ω line 
terminated in a load 𝑍𝐿 = 20 − 𝑗55 Ω. Perform all the steps required in completing 
the design. 
(35 marks) 
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3. (a) Referring to a block diagram in Figure 2, design a 2.49 GHz wireless transmitter 
having the specifications as in Table 1. The information for the components that is 
required for the design is attached in the Appendix B to I. 
 
 
-60 dBm 27 dBm
IF Amplifier Mixer
Local 
Oscillator
Band Pass
Filter
Driver
Amplifier
Power
Amplifier
A
B
C D E
 
Figure 2 
 
Table 1: Specification for 2.49 GHz wireless transmitter 
 
TX Frequency 
 
IF Frequency 
 
Bandwidth 
 
TX Power 
 
2.49 GHz 140 MHz 40 MHz 26 dBm 
 
 
(i) Determine the gain of the IF amplifier and power level at point A (assume 
minimum input power to the mixer RF port is -40 dBm)?    
             (20 marks) 
 
(ii) What is the frequency of the Local Oscillator and minimum output power of 
the Local Oscillator at point B?     
             (20 marks) 
 
(iii) Based on the mixer specification and minimum Local Oscillator drive power, 
what is the mixer output power at point C? 
 (20 marks) 
 
(iv) Referring to the datasheet of the Band Pass Filter, what is the power level at 
point D?     
             (15 marks) 
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(v) How many Driver Amplifier are required to drive the power amplifier to deliver 
26 dBm?   
                 (15 marks) 
 
(vi) How much gain is required for the Power Amplifier?   
             (10 marks) 
 
4. The PHEMT ATF 36077 having the S-parameter and noise parameter as in the Appendix 
A. Design a Low Noise Amplifier operating at 4 GHz. Choose Γ𝑖𝑛 at C𝑖 and using F𝑟  at 
0.4 dB. Microwave laminate having the thickness of 0.813 mm with 𝜀𝑟 3.38 must be used. 
The following important formulas may be useful. 
  
(a) Calculate the center of the input noise circle point 𝐶𝑖.          
                            (20 marks) 
 
(b) Calculate the radius of the input noise circle 𝑅𝑖.    
   (20 marks) 
 
(c) By using the Smith chart, design the input noise figure matching.     
  (30 marks) 
 
(d) Based on calculated 𝐶𝑖, calculate the load reflection coefficient Γ𝐿 and design the 
output matching.     
  (30 marks) 
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APPENDIX A (1/3) 
 
LAMPIRAN A (1/3) 
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APPENDIX A (2/3) 
 
LAMPIRAN A (2/3) 
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APPENDIX A (3/3) 
 
LAMPIRAN A (3/3) 
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APPENDIX B 
 
LAMPIRAN B 
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LAMPIRAN C 
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APPENDIX D 
 
LAMPIRAN D 
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LAMPIRAN G 
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APPENDIX H 
 
LAMPIRAN H 
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Soalan 
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1 1 2 
2 2 3 
3 2 3 
4 2 3 
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